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Received August 20, 2012; accepted November 5, 2012AbstractBackground: Two-dimensional transesophageal echocardiography (2D TEE) Doppler color flow imaging is the gold standard for assessing the
severity of mitral regurgitation (MR). Severe MR with very eccentric jet may involve more than one mitral leaflet lesion and can be missed by
2D TEE. The purpose of this study was to assess the usefulness and the incremental value of real-time three-dimensional (RT 3D) TEE over 2D
TEE findings in the evaluation of patients suffering eccentric MR with more than one mitral leaflet lesion.
Methods: Intraoperative 2D TEE and RT 3D TEE examinations were performed on 168 patients with Carpenter II MR who underwent surgery.
MR was defined as either central, free-standing eccentric jet or very eccentric jet. 2D TEE and RT 3D TEE finding were compared with surgical
findings.
Results: Of these 168 MR patients, 25 patients (14.9%) had central jets and 143 patients (85.1%) had eccentric jets. Among 143 patients with
eccentric jets, 47 patients (32.9%) had free-standing eccentric MR jets, and 96 (67.1%) patients had very eccentric jets. 3D TEE diagnosed the
severity and location of MR lesions correctly in all patients; this was not the case with 2D TEE, which had significant diagnostic misses in nine
patients (9.4%, p < 0.001) having MR with very eccentric jets. These nine patients had lesions on both mitral leaflets, which were missed during
2D TEE examination owing to the highly turbulent flows produced by very eccentric jets from one mitral leaflet lesion and impinging the
opposite mitral leaflet lesion.
Conclusion: The severity of MR with very eccentric jet was more accurately and comprehensively assessed by 3D TEE than by 2D TEE.
Therefore, intraoperative RT 3D TEE provides incremental information that is generally superior to 2D TEE in patients with complex MR due to
very eccentric jets.
Copyright  2013 Elsevier Taiwan LLC and the Chinese Medical Association. All rights reserved.
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Retrograde systolic left atrial flow, caused by the swirling
of a large regurgitant eccentric jet, is commonly noted in pa-
tients with a flail mitral valve leaflet. Two-dimensional
transesophageal echocardiography (2D TEE) color Doppler* Corresponding author. Dr. Jeng Wei, Heart Center, Cheng-Hsin General
Hospital, 45, Cheng Hsin Street, Beitou, Taipei 112, Taiwan, ROC.
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http://dx.doi.org/10.1016/j.jcma.2013.04.001is the most widely used method for assessing the mitral valve
intraoperatively.1e3 Eccentric mitral regurgitation (MR) jet is
produced by a complex pathology of mitral leaflet, and its
severity may be underestimated by 2D TEE Doppler exam-
ination.4e6 However, real-time three-dimensional trans-
esophageal echocardiography (RT 3D TEE) can provide a true
cross-section view of the mitral valve and is therefore a
powerful tool during surgical repair of the mitral valve.7e20
The severity of MR with very eccentric jets has not been
evaluated by RT 3D TEE and compared to 2D TEE. In this
study, we attempted to determine whether introperative 3Dhinese Medical Association. All rights reserved.
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the assessment of the severity in patients with very eccentric
MR jets during MR surgery.
2. Methods
We retrospectively reviewed 168 patients (102 men/66
women) who were included in this study who underwent
mitral valve surgery that involved intraoperative 2D TEE and
RT 3D TEE between January 2008 and January 2011. The
ethics committee of Cheng-Hsin General Hospital approved
the study, and informed consent was obtained from all
patients.2.1. Echocardiographic examinationIntraoperative 2D TEE and RT 3D TEE examinations were
performed with a 5.5-MHz new matrix-array X7-2t transducer
and a commercially available Philips iE33 ultrasound system
(Philips Medical System, Andover, MA, USA) after induction
of anesthesia and endotracheal intubation. RT 3D TEE was
performed at the end of the comprehensive 2D TEE exami-
nation. RT 3D TEE was used to delineate the mitral valve
anatomy18; however, mitral valve dysfunction was based on
Carpentier’s nomenclature.21 The annulus was divided into
anterior and posterior portions according to the attachment of
the corresponding mitral valve (MV) leaflets. The anterior
mitral leaflet (AML) was divided into three segments
(scallops): A1 (lateral), A2 (middle), and A3 (medial).Table 1
Flow diagram of 168 patients with mitral regurgitation jets underwent mitral valv
3 cases missed by 2D TEE 
Central jet in 25 patients (14.9%) Ecc
Free-standing eccentric jet in 47 patients (32.9%) 
Major lesion on anterior mitral leaflet in 
45 patients (46.9%)
Mitral regurgitation Correspondingly, the posterior mitral leaflet (PML) was also
divided into three segments (scallops): P1 (lateral), P2 (mid-
dle), and P3 (medial). Protrusion, billowing, or flail (including
rupture of the chordae tendinae) of individual segments (6
scallops) was noted.
3D TEE images were acquired in full volume mode
focusing on the mitral valve, and the data sets were analyzed
online using a Philip Q lab software version 6.0. All images
were recorded and acquired in digital cine-loop on magneto-
optical disks. Regurgitant jet and mitral leaflet position were
quantified relative to the mitral annulus. All segments were
classified as normal, prolapsing (>3 mm beyond the annulus
plane), or flail. Where a single segment is involved, either
prolapse or flail leaflet produces an eccentric jet of MR.
Central jet is defined as an initial direction into the cavity in
the left atrium regardless of whether the jet has contact with
wall structures further down in the atrium. Eccentric MR jets
were characterized based on direction (i.e., anterior vs. pos-
terior) and its position relative to the AML or PML and the
long axis of the left ventricle. A jet in close contact with one of
the mitral valve leaflets behind the regurgitant orifice and
remained in close contact with one of the left atrial wall is
defined as free-standing eccentric jet. By contrast, very
eccentric jet is defined as eccentric mitral jet coursing along
the opposite mitral leaflet, striking it throughout its full length
and in close contact with both mitral valve leaflets, and
rebounding to the back of the left atrium.
2D TEE and RT 3D TEE images were recorded and
analyzed by two experienced blinded physicians, and then wee surgery.
entric jet in 143 patients (85.1%) 
Very eccentric jet in 96 patients (67.1%) 
Major lesion on posterior mitral leaflet in 
51 patients (53.1%)
6 cases missed by 2D TEE 
in 168 patients 
Fig. 1. MR jet viewed via two-dimensional transesophageal echocardiography (2D TEE) color Doppler. (A) Central jet. (B) Free-standing eccentric jet. (C) Very
eccentric jet., LA ¼ left atrium; LAA ¼ left atrial appendage; LV ¼ left ventricle; MR ¼ mitral regurgitation.
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identified individual segments/scallops of the mitral valve by
close visual inspection. In addition, all mitral valve specimens
were submitted for pathologic examination.Fig. 2. Different direction of free-standing eccentric MR jets. (A) 2D TEE color
toward the posterior wall of the aorta and ruptured chordae tendinae of P1 (arrow
Doppler showing a highly distinctive posterior eccentric turbulent jet directed towar
(arrow) at the same view via RT 3D TEE (en face LA view) (D)., AML ¼ anterio
septum; LA ¼ left atrium; LAA ¼ left atrial appendage; LV ¼ left ventricle; PM2.2. Statistical analysisThe successful assessment rate in patients with very
eccentric jets who had lesions on the opposite mitral valveDoppler showing a highly distinctive anterior eccentric turbulent jet directed
) at the same view via RT 3D TEE (B) (en face LA view). (C) 2D TEE color
d the posterolateral wall of the left atrium and ruptured chordae tendinae of A3
r mitral leaflet; Ao ¼ aorta; IAS ¼ interatrial septum; IVS ¼ interventricular
L ¼ posterior mitral leaflet.
Table 2
Mitral regurgitation in 168 patients who underwent mitral valve
surgery.
Type of jet n (%)
Central jet 25 (14.9%)
Eccentric jet 143 (85.1%)
Free-standing eccentric jet 47 (32.9%)
Very eccentric jet 96 (67.1%)
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Fisher’s exact test where a p value <0.05 was defined as
significant.
3. Results
3D TEE correctly diagnosed the severity and location of
lesions in 168 patients with Capentier type II MR who un-
derwent mitral valve surgery. The result is summarized in
Table 1. In the total of 168 patients who underwent mitral
valve surgery, 25 (14.9%) patients had central MR jets
(Fig. 1A), and 143 (85.1%) patients had eccentric MR jets
(Figs. 1B and 2). In 143 patients (Table 2) with eccentric jets,
47 patients (32.9%) had free-standing jets (Figs. 1B and 2) andFig. 3. Anterior direction of a very eccentric jet induced by flail leaflet of the PML
showing an anteriorly directed eccentric jet flow coursing along the opposite atrial
TEE showing flail of the PML at the P2 segment with visible chordae tendinae (arro
of the PML at the P1 segment. (D) The surgeon inspected the mitral valve from the
prolapse at A1 and P1., AML ¼ anterior mitral leaflet; Ao ¼ aorta, LA ¼ left atrium
three-dimensional transesophageal echocardiography.96 (67.1%) had very eccentric jets (Figs. 1C, 3 and 4). In Table
3, among the 96 patients with very eccentric MR jets, anterior
direction jets were involved in 51 (53.1%) patients (Fig. 3),
and the posterior direction jets were involved in the remaining
45 (46.9%) patients (Fig. 4). However, nine (9.4%, p < 0.001)
patients with very eccentric jets also had lesions on the
opposite mitral valve leaflet, which can be effectively diag-
nosed by 3D TEE but missed with 2D TEE (Table 4; Figs. 3A,
3B, 4A, and 4B).4. Discussion
Our study demonstrated the adjunctive value provided by
3D TEE over 2D TEE for the assessment of MR with eccentric
jets and especially for very eccentric jets. MR flows were
identified based on the origin, direction, and spatial spreading
into the left atrium. 2D TEE with color Doppler is routinely
used to assess MR.22,23 Our previous study showed that RT 3D
TEE provided highly accurate online images for MV evalua-
tion and was more sensitive compared to 2D TEE for the
identification of prolapse or flail of individual segments of MV
during surgery.18 However, in this study, we found that 85% of
MR jets are often eccentric and impinge the atrial wall. Mitral. (A) 2D TEE showing flail leaflet of the PML (arrow) and (B) color Doppler
margin of the leaflet, impinging it leaflet. (C) An en face LA viewed by RT 3D
w) combined with a prolapse of the AML at segment A1 together with prolapse
left atrium and noted ruptured chordae tendinae at segment P2 of the PML and
; LV ¼ left ventricle; PML ¼ posterior mitral leaflet; RT 3D TEE ¼ real-time
Fig. 4. Posterior direction of a very eccentric jet induced by flail leaflet of the AML. (A) 2D TEE showing the flail leaflet of the AML (arrow) and color Doppler (B)
showing a posterior directed eccentric jet flow coursing along the opposite atrial margin of the leaflet and impinging it. (C) An en face LA viewed by RT 3D TEE
showing flail of the AML at the A2 segment with visible chordae tendinae (arrow) combined with a prolapse of AML at segment A3 and segment P3 of the PML.
(D) The surgeon inspected the mitral valve from the left atrium and noted ruptured chordae tendinae (arrow) at segment A2 of the AML and prolapse at A3 and P3
(which is not seen in this particular view)., 2D TEE ¼ two-dimensional transesophageal echocardiography; AML ¼ anterior mitral leaflet; Ao ¼ Aorta; LA ¼ left
atrium; LV ¼ left ventricle; RT 3D TEE ¼ real-time three-dimensional transesophageal echocardiography.
Table 4
Nine patients (9.4%) with very eccentric jet having opposite leaflet lesions
missed by 2D TEE.
Case 2DTEE 3D TEE
1 A2 A2 P1 P3
2 A2 A2 A3 P3
3 A2 A2 P3
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most common cause of eccentric MR jets.
This study showed that 67.1% of patients had very eccen-
tric MR jets that derived from either a single scallop of the
AML (A2) or the PML (P2), due to either ruptured tendinae or
flail leaflets. Such pathology of the mitral valve leaflets with
highly turbulent flow not only impinges on the left atrial wall
immediately beyond the mitral annulus, but also creates jets
directed to the nonaffected mitral valve leaflet. In this study,
nine cases with very eccentric MR jets had lesions at both
mitral leaflets (3 cases with major original lesions from A2
and 6 cases with major original lesions from P2) could only be
delineated on RT 3D TEE, and were not obvious on conven-
tional 2D TEE color Doppler. The MR jets of these nine pa-
tients coursed along the opposite atrial margin of the mitral
valve leaflet, striking it, and enveloped its defect. Therefore,
the very eccentric MR jets may yield misleading informationTable 3
Characteristics of 96 very eccentric mitral regurgitant jets (n, %).
Posterior direction (AML affected) 45 (46.9%)
Anterior direction (PML affected) 51 (53.1%)where more than one leaflet of MV is involved using con-
ventional 2D TEE color Doppler images. In contrast, RT 3D
TEE delineated the entire cross area of the mitral valve and
clearly showed abnormalities in any region of the valve.
Traditionally, parameters that describe the amount of MR
include vena contracta width, regurgitant volume and fraction,
and effective regurgitant orifice area calculated either by the
proximal isovelocity surface area method or quantitative
pulsed Doppler. During surgery, measurement of the MR jet4 P2 P2 A1 A3
5 P2 P2 A1 A3
6 P2 P2 A1
7 P2 P2 A1
8 P2 P2 A1 P1
9 P2 P2 P3 A3
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the gold standard for assessing the severity of MR; however,
2D TEE color Doppler has limited value in visualizing and
quantifying eccentric MR jets.4e6,22,23 For eccentric jets, 2D
TEE overestimated the vena contracta width compared with
3D TEE and was poorly correlated with effective regurgitant
orifice area, causing clinical misclassification in 45% of pa-
tients with eccentric MR.10 For the same regurgitant fraction,
the eccentric jet was only approximately 40% of the size of the
corresponding free jets.3 In particular, in patients with very
eccentric MR jets, the curve-shaped jets in the atrium were
difficult to quantify by 2D TEE color Doppler. In contrast, RT
3D TEE produced images of the cross area of complex jet
geometry that were not feasible with 2D TEE.
Although 2D TEE is routinely used for planning mitral
valve surgeries, 2D TEE has several potential pitfalls with
regard to spatial relationships and valvular morphological
abnormalities in patients with very eccentric jets. In this study,
RT 3D TEE significantly diagnosed all complex MR lesions
with very eccentric jet involving the mitral valve when
compared with 2D TEE and facilitated the determination of
the anticipated complexity of repair. In conclusion, intra-
operative RT 3D TEE provided the incremental information
over 2D TEE examination for the detection of any unrecog-
nized lesion on the opposite mitral valve leaflet in patients
with complex MR due to very eccentric jets.
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